We have used observations taken under the FUSE S405/S505 channel realignment program to explore the diffuse FUV (1000 -1200Å) radiation field. Of the 71 independent locations in that program, we have observed a diffuse signal in 32, ranging in brightness from 1600 photons cm −2 sr −1 s −1Å−1 to a maximum of 2.9 × 10 5 photons cm −2 sr −1 s −1Å−1 in Orion. The FUSE data confirm that the diffuse FUV sky is patchy with regions of intense emission, usually near bright stars, but also with dark regions, even at low Galactic latitudes. We find a weak correlation between the FUV flux and the 100 µm ratio but with wide variations, perhaps due to differences in the local radiation field.
Introduction
The diffuse background from the ultraviolet (UV) to the infrared (IR) is an important tracer of the interstellar dust and most of our knowledge of the large scale distribution of the dust has come from missions such as IRAS and COBE (see, for example, Sodroski et al. 1997) . Scattering in the UV is complementary to the IR emission and the combination of the two can lead to a unique determination of the interstellar dust parameters. Unfortunately, there have been few observations of the diffuse UV radiation field and those have been, to a large degree, controversial as indicated by the conflicting reviews by Bowyer (1991) and Henry (1991) . In the far-ultraviolet (FUV -below 1200Å) band, which we address in this paper, the only significant body of observations comes from Murthy et al. (1999) . They used the ultraviolet spectrographs (UVS) aboard the two Voyager spacecraft finding that the FUV sky was very patchy with both dark and bright regions.
In this work, we have used serendipitous observations from the Far Ultraviolet Spectrographic Explorer (FUSE) under the S405/505 program to further probe the diffuse FUV sky. Although FUSE cannot match the sensitivity of the Voyager UVS for observations of diffuse sources because of its relatively small field of view, we have, nevertheless, found many locations that do indeed have a strong enough signal to be detected by FUSE. We concentrate here on presenting the overall results from our study and will discuss individual locations in detail in subsequent papers.
Observations and Data Analysis
The FUSE spacecraft and mission has been described by Moos et al. (2000) and by Sahnow et al. (2000) . The instrument consists of four coaligned optical channels, two of which are coated with silicon carbide (SiC) and two with lithium fluoride (LiF) over aluminum providing coverage over the spectral range from 905 -1187Å. Observations may be made through any of 3 apertures: the LWRS (30 ′′ × 30 ′′ ) aperture; the MDRS (4 ′′ × 20 ′′ ) aperture; and the HIRS (1.25 ′′ × 20 ′′ ) aperture. In principle, extended radiation will be visible in all 4 channels and through all the apertures but, in practice, only the brightest sources can be detected in any other than the LiF LWRS channel. FUSE was launched on June 24, 1999 into a low Earth orbit (LEO) by a Delta II rocket and has been observing astronomical targets, mostly point sources, since then.
The S405/505 program is intended to allow the FUSE spectrographs to thermalize prior to a channel realignment. As such, these pointings are generally observations of blank sky near one of a number of alignment stars with exposure times on the order of a few thousand seconds. The complete list of pointings is available from the MAST archive at STScI (http://archive.stsci.edu) and, of those, we have examined all that were available before Sept 1, 2003. We downloaded the raw data and processed them using the standard CalFUSE pipeline (v2.4, Dixon et al. 2002) with two major modifications.
The standard FUSE observation consists of a number of different exposures including both the "DAY" and the "NIGHT" part of the orbit. Because of the faintness of the diffuse background, we used only the "NIGHT" photons, thereby eliminating most of the airglow lines other than the Lyman lines of atmospheric hydrogen. There may still be residual amounts of the O I lines around 1040Å and the N I lines at 1134Å but these are generally weak and will not be a significant contributor to the continuum emission reported on here (Feldman et al. 2001) . Finally, we combined the different exposures (using the program ttag combine.c available as part of the standard FUSE distribution). ′′ from a white dwarf. The LiF apertures are imaged onto the top half of the image and the SiC on the bottom half with the strong terrestrial Lyβ line seen as the strongest line in each of the 6 apertures. The image scale can be derived from the sides of the boxes which are at column numbers 1100, 6000, 7500, and 15000 from left to right. Superimposed on the image is a cut across the image with the data collapsed in the spectral direction over one of the wavelength bands (columns 7500 -15000; see Table  1 ) in which the enhancements due to the diffuse signal in the different apertures can be clearly seen. Note that the defined bands (shown by the two large boxes) exclude the strong geocoronal emission lines seen in the image. A detailed analysis (see below) shows that the emission has a flux of 3300 ± 1400 photons cm −2 sr −1 s −1Å−1 at a 90% confidence level and a mean wavelength of 1058Å. The rise in signal at the top and bottom of the active area is due to edge effects in the microchannel plates.
We have found that the standard background subtraction considerably overestimates the instrumental background for the faint extended sources observed in this program and so, instead, empirically estimated the background from the counts in the detector just off the aperture and subtracted that from the spectrum. In most of the targets in this program, the signal was too faint to obtain a useful spectrum even though a diffuse continuum was clearly apparent to the eye. We, therefore, used the ttgd image of the detector plane (Step 19 from the CALFUSE Pipeline Reference Guide 2002: Dixon et al. 2002) and integrated over bands selected to avoid the airglow lines (Table 1 ). This is illustrated in Fig. 1 where we have shown an image of one of the detector segments (1A) for the S4050201 observation. The two bands (Rows 1 and 2) of Table 1 are shown as large boxes on either side of the LiF LWRS Ly β feature.
The enhancement due to the diffuse continuum is readily visible in the LiF LWRS aperture, and, upon integration over the bands, all the apertures stand out over the background. This is clearly shown in Fig. 1 where we have superimposed a cut across the image in which the data have been collapsed in the spectral direction over the right hand box of the Figure  ( columns 7500 -15000 from Row 2 of Table 1 ). Although, in principle, a diffuse signal will be visible in all the apertures, we have used only the data from the LiF LWRS aperture because its throughput is so much greater than the others. Similarly, the data from the 2B detector do not add any any value to the diffuse sky determination because of its much lower sensitivity. As we have seen from Fig. 1 , the emission in the LiF LWRS aperture, in particular, stands out from the background and we have replotted the signal in the immediate neighbourhood of the aperture in Fig. 2 . We have then fit this profile with a Gaussian (plus a background) with uncertainties defined by the root mean square deviations adjacent to the aperture and found 90% confidence limits on the level of the diffuse background using the procedure of Lampton, Margon, & Bowyer (1976) . Those targets in which we have observed a diffuse astronomical signal are listed in Table 2 . The sensitivity limit of the FUSE spectrographs to diffuse radiation is on the order of about 2000 photons cm −2 sr −1 s −1Å−1 and so the null detections are not interesting.
This procedure is tantamount to assuming that the instrumental background is the same in the aperture as off. There are several instrumental effects which may affect this, of which the most likely to be a problem is scattering in the spectral direction from the Lyman lines of atmospheric H I. We have tested for this by plotting the observed signal against the counts under the Ly β line (Fig. 3 ) for a representative sample and found no correlation between the astronomical and geocoronal lines. While there are other possibilities, we have found no evidence for any aperture dependent effects in our null detections -the signal is flat over the entire detector. Perhaps the strongest argument for the quality of our background subtraction comes from the excellent agreement between different segments and different observations, separated in time by as much as a year and a half, in all of which the derived background agrees within the error bars. The only exception is S4055401 in which the background derived from segment 2A is much higher than the others. An examination of the raw data shows that the count rate is much higher at the beginning of each exposure suggesting contamination from daylight photons. The signal levels are so low that stellar contamination might be a serious problem. The sensitivity limit of 2000 photons cm −2 sr −1 s −1Å−1 corresponds to an unreddened B star of about 16 th magnitude in V. We have examined each of the fields using the Digital Sky Survey (DSS) plates and have rejected those few fields in which there were stars that were bright enough to possibly affect our determination of the diffuse background. Most of these were in the SMC or LMC where there are many hot bright stars, some of which did fall in the FUSE FOV. Another test of stellar contamination comes from the much broader spread for a diffuse source, which fills the aperture, as opposed to a point source (Fig. 4) and we have confirmed that the spread for those sources identified as diffuse is really larger than that of a star. In practice, there are few unreddened early-type stars in the sky and any stellar contribution in the FUSE bandpass will be heavily depressed because of interstellar extinction. Finally, we excluded those observations in which the pointing was particularly poor.
We have also considered whether scattering from the nearby alignment star, which may be quite bright in the FUV, can contribute to the diffuse signal. The FUSE instrument team has studied the scattered light from γ Cas and found that the scattered light at a distance of 90
′′ from the star is on the order of 7 × 10 −6 the stellar flux (personal communication: B.-G. Anderson 2003) . Even the brightest stars in our sample, with an observed intensity of 10 −11 ergs cm −2 sr −1 s −1 , will not contribute more than 200 photons cm −2 sr −1 s −1Å−1 to the signal, much less than our sensitivity limit. Table 1 for each of the positive detections in our data base. These include data from all the detectors except for 2B (for which the effective area was much less than for the other detectors). Note the generally excellent agreement in fluxes between different segments. The two brightest spectra (S40545 and S40546) are both of targets in Orion. Differences in the spectra may reflect different local radiation fields. Table  1 second row) with increasing 100 µm flux but with wide variations in the actual ratio. The two lines indicate the NUV/IR ratios obtained by Haikala et al. (1995) for an isolated high latitude cirrus cloud (dark line) and by Schiminovich et al. (2001) for the high latitude diffuse background. We have not plotted the brightest of our targets -S40546 in Orion -which has an observed surface brightness of 2.9 × 10 5 photons cm −2 sr −1 s −1Å−1 in the FUV and 2000 MJy sr −1 at 100 µm.
Results
Of the 107 total observations (71 independent targets) in the S405/505 program (to our cutoff date), we have identified 45 (32 independent locations) as unquestionable detections of a diffuse astronomical signal. These positive detections are listed in Table 2 and range in strength from 1600 photons cm −2 sr −1 s −1Å−1 to a maximum of 3 × 10 5 photons cm −2 sr −1 s −1Å−1 (in the Orion nebular region). The brightest of these are plotted in Fig. 5 and show a variety of spectral shapes, perhaps indicative of the local radiation field. For instance, the scattered spectrum for S40546 -a field in Orion -is very similar to that of the nearby star HD36981 (Murthy, Sahnow, & Henry 2004 ). We will discuss each of the individual regions in subsequent papers and concentrate on the global distribution of the diffuse background in this work. Images and further description of each of the fields may be found at http://www.iiap.res.in/personnel/murthy/projects/fuse/FUSE background analysis.html.
There have been three studies of the UV/100 µm correlation in the near UV. Haikala et al. (1995) found a ratio of 128 photons cm −2 sr −1 s −1Å−1 (MJy sr −1 ) −1 for an isolated cirrus cloud at high galactic latitude using FAUST data; Schiminovich et al. (2001) found a latitude dependent ratio of between 60 (b > 30.
• ) and 100 (b > 15.
• ) photons cm −2 sr Fig. 6 with the flux from the 1B spectrum at an effective wavelength of 1058Å (mean wavelength for Band 2 in Table 1 ) plotted against the 100 µm flux from Schlegel et al. (1998) . Although there is a trend of increasing FUV emission with increasing IR, there is considerable variation in the ratio ranging from only 28 photons cm −2 sr −1 s −1Å−1 (MJy sr −1 ) −1 near the Wolf-Rayet star HD 92809 (S40515) to 2800 photons cm −2 sr −1 s −1Å−1 (MJy sr −1 ) −1 near the star HD36487 in Orion (S40545). In fact, this variation should not be surprising. The UV signal arises from scattering of the interstellar radiation field (ISRF) by interstellar dust and so depends heavily on the relative orientation of the stars and the dust, particularly in the FUV where there are only a relatively small number of bright stars which dominate the ISRF. On the other hand, the IR emission is due to the thermal emission from the heated interstellar dust and is not dependent on the direction of the incoming radiation. Moreover, the optical depth in the UV is much higher than in the IR and saturation effects may be expected to become important even with low column densities of dust.
As mentioned earlier, the only other major body of observations in the FUV are from observations made with the Voyager UVX (Murthy et al. 1999) and we have plotted those data as well as the data in this work in an Aitoff projection of the sky in Fig. 7 . In the Figure, It is clear from the data presented in this paper that the intensity and the spectrum of the diffuse radiation in the FUV does vary considerably over the sky. Although other studies (see, for example, Schiminovich et al. 2001 , and references therein) have claimed simple correlations between the diffuse UV radiation and tracers of interstellar dust such as 21 cm H I column densities or 100 µm intensities in the NUV, we cannot support such from our data in the FUV. The optical depth of the interstellar dust is much higher in the FUV and it is possible that local effects are more important than in the NUV. Thus we will defer modeling of our results to extract such important quantities as the optical properties of the interstellar dust grains. 
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Conclusion
We have used serendipitous observations of blank sky with the FUSE spacecraft to investigate the diffuse sky background in many areas over the sky. Of the total 71 independent pointings, we have observed a signal which we can unambiguously attribute to a diffuse background in 32 targets. Considering that the S405/505 targets were chosen simply on the basis of a nearby alignment star and considering that FUSE is only sensitive to signals of greater than 2000 photons cm −2 sr −1 s −1Å−1 , this is a surprisingly large percentage. By contrast, in the Voyager sample of Murthy et al. (1999) only 63 of the total 426 targets have a flux of greater than 2000 photons cm −2 sr −1 s −1Å−1 . Of course, in neither case was an unbiased survey of the diffuse radiation field intended and it is likely that selection effects play an important role in these ratios.
We have found that there is a trend of increasing FUV flux with the 100 µm flux indicating that the observed radiation is due to light scattered from the interstellar dust. However, the ratio between the FUV and the IR varies much more than was found by either Haikala et al. (1995) or Schiminovich et al. (2001) in the NUV. Our targets are in quite different locations in the sky and it is apparent that local effects -such as exposure to the intense radiation field in Orion -play an important role in determining the scattering of the stellar radiation. Haikala et al. (1995) derived their ratio for a single isolated cirrus cloud while Schiminovich et al. surveyed a large fraction of the sky.
If we combine our data with the Voyager data of Murthy et al. (1999) , we see that the FUV sky is quite patchy with intensities ranging from upper limits of less than 100 photons cm −2 sr −1 s −1Å−1 to intense regions as high as 3 × 10 5 photons cm −2 sr −1 s −1Å−1 . These regions are scattered throughout the sky with both bright and faint regions being found at all latitudes, again suggesting that local effects dominate the FUV diffuse radiation field.
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